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TITLE OF T HE INVENT^ 

HMG-CoA REDUCTASE INHIBITORS IN THE NORMALIZATION 

of -vascular Endothelial dysfunction 

BACK GROUND OF THt< I NVENTION 

The vascular endothelium which lines the blood vessels is a 
widely distributed organ interposed between the intravascular and 
extravascuiur spaces. It has many functions in the regulating vessel 
ln diameier, varying blood flow, mamtainiiog of vascuiaj homeostasis, and 
the vascular-response to"ihjury. In the normal basal physiological state 
the endothelium proyides a nonthrc*hta 

lining? Endothelial cells respond to potc^l harmful conditions 
(mechanical stress, anoxia, ischemia and oxidative stress) and a variety of 
lg hormones and vasoactive mediators by ^ mduring ^aguiaiira and - 
Production of ^uiflatnmatory mediators through the production of 
bioactive compounds. 

The vascular endomelhun plays a critical role in mediating 
primarily vasodilation, but also vasoconstriction. In response to 

20 vasoactive stimuli 'such as acetylcholine (ACh), ATP, ADP, bradykinin, 
aracludonic acid, histamine, thrombin, serotonin, and substance P, the 
endothelium produces and releases a highly labile substance called 
e ^e*h^um-dcriye_d:^ EDRF is believed to be 

nitric oxide (designated EDRF-NO) and is synthesized from L-arginiii e . 

25 mSmics nitroglycerine by stimulating guanylate cyclase in vascular 

smooth muscle resulting in an increase in cyclic GMP and subsequent 
relaxation. Studies in which the formation of EDRF is inhibited by N m - 
monomethyl-L-arginine (L-NMMA) indicate mat the endothelium 
cuutinuously releases EDRF to regulate basal vascular tone. Thus, the 

3 o endothelium mediates both acute changes in local blood flow as well as 
ambient regulation of blood pressure. 

Risk-fac^sip^ the development of atherosclerosis such as 
high blood pressure, (smoking^ diabetes, hyperlipidernte and 
hypercholesterolemia have been related to abnormal responses by the 
vascular endothelium to secrete EDRB which normally functions to dilate 
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tfie bj^dd^scl. Undc/nomial ^ioiogical conditions, the cndogcW 
Alator secreted by the vascular endothelium causcsrrelixaU^of the 
underlying smooth muscle in the blood vessel and dilaticm of the blood 
5 vessel The normal stale of me cardiovascular system is one of active 
vasodilate dependent on the continuous generation of NO by the 
vascular endothelium. In meabsencc of the endj.gendu^^Uator, the 
blood -vessels constrict, resulting hi ^ a decrease in the blood supply. These 
effects may contribute to the production nf ischemic syndromes such as 
iQ angina pectoris, myocardial infarctions, coronary artery disease (CAD) 
hypertension, cerehro vascular accidents, transient ischemic attacks ' 
chrome obstructive pulmonary disease, chronic hypoxic lung disease 
pulmonary ^hypcrtemio^jcnal hypefteiLsion, clirc^c renal disease 
nucrovascular complications of diabetes and vasoocclusive completions 
of sickle cell anemia. . « 

Several pathological conditions impair endothehum- 
dependent vasodilation. AUierosclerpsIs reduces endothelium-dependcrit 
relaxation m vitro and in vivo in arteries from animals fed high 
cholesterol diets (Hrieman et al. Ore. Res. 58:783-789, 1986) and in 
20 ™ ma ° s *2 **f° scterotio °w™ary artery disease (Forstermann et al., 
C<rc.*«. «2:185-190, 1988, and Zieher et al. arc. 83.-391-401 1991) 
Hypercholesterolemia also causes abnormalities in vascular function- ' 
fcese may predate the development of atherosclerosis. Specifically ' 

25 l ltro *** ™™o. Vascular endothelial dysfunction in a setting of 
hyperhpidemia iu foe human forearm has recently been described 

S^ST * r' Clin ' U:22S ' 23 *> ^90). The contribution made 

by the endothehum to the regulation of vascular tone varies among 
different vascular beds and test animals. 
30 The vascular beds are physically separate entities The 

importance of ischemic spasm in different vascular beds may vary 

. ^ . ^ a et ^ Wm. /. Hematology 44: 112-116, 1993) have 
L wS* a * 7^ P^v^tin in patient with hypercholesterolemia. 

SaS ^1 P ,T am *" W pravastatin «S^caatly reduced 
plasma levels ot plasminogen activating inhibitor I (PAI-1) and 
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thrombomodulin (TM), it is^oSsible that iUnighc ameliorateivasculax 
endotheliafccell injury. The reference focusWon the coagulation aspects 
of vascular endothelial function and not the spastic function of the 
vascular endothelium. It is suggested that amelioration of 
hypoffcrinolysis might produce a reduction in vascular endothelial cell 
markers. 

Research is ongoing to develop noninvasive diagnostic tests 
to detect vascular endothelial dysfunction* The pathophysiological 
relationship between abnormal vascular endothelium-dependem response 
and clinical symptoms of both chronic and acute myocardial ischemia is 
also under investigation. 

One diagnostic agent used to measure endothelial 
dysfunction is acetylcholine CACh). Muscarinic receptors for ACh are 
present on both vascular endothelial and smooth muscle cells. In the 
presence of an intact endothelium, infusion of ACh stimulates EDRF 
release and relaxes the underlying smooth inuscles causing vasodilation. 
However, when the~en^ 

produces vasoconstriction due to ah unopposed, direct reflection On the j 
vascularsmooth muscle. ACh constricts human atherosclerotic 
cpicardial vessels beuausc ihe vascular endothelium is dysfunctional in 
those arteries. Although it Is unlikely that ACh plays a major role in the 
regulation of vascular tone in vivo (because most blood vessels lack 
cholinergic innervation), ACh is a reliable and sensitive test agent for 
evaluating the normal endothelial cell function and the capacity of the 
vascular endothelium to cause vasodilation. 

Currently, angina due to myocardial ischemia is treated with 
chronic administration of vasodilators such as long-acting nitrates, 
syndomine derivatives, calcium channel blockers, p-bli^kers^and/or use 
of short-acting nitrates. These therapies have the drawbacks of the 
development of tolerance to the pharmacologic agents and/or the 
development of rebound effects. Furthermore, when effective, these 
vasodilators produce a basal state of vasodilation, and at times of 
increased demand, such as exercise or emotional stress, these agents are 
ineffective and may hinder acute responses to stimuli. Thesertherapeutic 
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approaches treat only one aspect of endotheUal dysfunction and donot 
normalize vascular endothelium function, as does the method of 
treatment of the present invention. The present invention improves and 
augments all endogenous functions served by the endothelium. 

^RMG-CpA reductase inhibitors are known lo function as 
antihypercholesterolcmic agents. They reduce hepatic cholesterol 
biosynthesis by inhibiting the enzyme HMG-CoA reductase which 
catalyzes the early, rate-limiting step in the biosynthesis of cholesterol, 
the conversion of hydpoxymethylgluearate to meyalonate. Commercially 
available HMG-CoA reductase inhibitors include MEVACOR® 
(lovastatui), ZOCOR® (simvastatin), and PRAVACHOL® (pjravastatin). 
The HMG-CoA reductase inhibitor fiuvastatin has recently been 
approved in some markets. 




IOVASTATIN 



SIMVASTATIN 




F 



30 



C0 2 ' Na* 



PRAVASTATIN 



FLUVASTATIN 
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Lovastadn and simvastatin are administered in the fpnn of 
the lactone prodrugs shown above which arc hydrolyzed in toe liver to 
the active open P~hydroxyacid form. 

Osborne et al. (/. Clin. Invest. 83: 465-473, 1989) and 
Harrison et al. (/. Cttn. Invest. 80: 1808-1 81 1, 1987) report that rabbits 
and monkeys show:improvemmtm* M 
to c vasod^pjy_8tm^ 

However, the literature in animal models concerning this subject is highly 
variable; different species and different vascular beds show variable 
levels of abnormaHty and recovery. Therefore, while it is encouraging to 
see positive result in animals, these results are not predictive of the 
response in humans. 

Kutschmann et aL (1 992) demonstrated that a reduced post 
15 lsche ™ c blood flow response in the human radial artery observed in 
patients with hypercholesterolemia was restored to normal following two 
years of treatment with simvastatin (between group comparisons only). 

T-eung et al., (Lancet 341: 1496-1500, 1993) found that 
muument with diet and cholestyramine improved coronary endotfaelium- 
20 ependem taxation in patients with angiograpbically normal arteries . 

DETATT .FT) n^p T^ON OF T^P, TfiTVPTvrrr^Tvr 

The noveLaacthod of tiSismm : of mis invention comprises 
the administration to a patient at^^ developing amerosd or a 
23 patient ui whom the disease has been diagnosed with an HMG-CoA 
reductase inhibitor to restore endogenous vascular endothelium 
dependent activities including iinprovmg the . normal dilation capacity of 
the endothelium. This method may be used to induce vasodilation to 
modulate vascular rone and blood flow. Other improvements in vascular 
a Q endothelium dependent activities include decreasing me adherent 
properties of the blood vessel walls and decreasing the coagulation of 
platelets. Suitable subjects for the method of the present invention 
include those individuals who jpummtly e^KTsymptoms of ~ 
atherosclerosis and those i who arc Mrisk of developing various acute 
ischemic syndromes mcluding individualR with high blood pressure 
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[ diabetes or hypcrlipidemia. and individuals who smoke. Current efforts 
to develop non-invasive (ultrasound detection) methods to assess 
endothelial function will potentially identify other patients at risk. 
5 The various acute ischemic syndromes mat may be treated 

by the method of the present invention include: angina pectoris, coronary 
artery disease (CAD), hypertension, cerebrovascular accidents, transient 
ischemic attacks, chronic obstructive pulmonary disease, chronic hypoxic 
lung disease, pulmonary hypertension, renal hypertension, chronic renal 
x Q disease, microvascular complications of diabetes" and vosoocdusivc 
cornplicaiions of sickle cell anemia. 

The HMG-CoA reductase inhibitor for use m the novel 
method may be selected from lovarau^rsinrva^tin, pravastatin and 
fluvastatin, preferably lovastatin or simvastatin, most preferably 
lovastaoh. 

The doses of HMG-CoA reductase inhibitor contemplated 
for use hi this invention are about 5 to 80 mg per day preferably given in 
single or divided doses. 

Preferably, the patient is placed on a prudent lurid-lowering 
2o diet diinng the ireatmentwi^ 

Lipid losvering therapy with HMG-CoA reductase inhibitors 
normalizes vascular function in patients with hypercholesterolemia 
and/or coronary artery disease without the requirement for significant 
regression of the atherosclerotic lesions. The coronary microcirculation, 
2s which demonstrates significantly impaired endothelium dependent 
dilatory responses in the presence of hypercholesterolemia and 
atherosclerotic disease, but is usually free of atheroma, is likely to show 
marked improvement demonstrating the ability of lipid lowering therapy 
to halt tiie progression and/or promote regression of atherosclerosis in 
3q cpicardial arteries in humans. 

The following example is given for the purpose of 
illustrating the present invention and shall not be construed as being 
limitations on the scope or spirit of the invention. 
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Twenty three patients undcrgoing ^igiraiasiy in the 
Lovasratin Restenosis Trial were entered into a double-blind randomized 

i u t PatieaL rcCeiVBd either 40 m S lovastatin twice a day or 
a pJacebo beginning 7 to 10 days before the angioplasty and continuing fi 
months after the angioplasty. 

Each patient was infused fur 2 minutes each with 

Tn7^°^ ^ 811 cnd0£heIiaI ^pendent agent) at 10-9 M, 10"8 M 
10 M, 10-6 M. and with Nitroglycerin (NTG, an cndoilielial 
mdependem agent) at 40 micrograms for 2.5 minutes. The mean lumen 
tometer change between treatment groups was compared after ACh and 
NTG infuswns at 7-10 days and at 6 months. 

Res units: 

Marjfrmm T^nonse to Arb % chang* in i„ ma1 *- T - ^ 



Duration 


Pbo 


L<o>va 




% 


% 


7-10 days 






01*23) 


-10 


-9 


6 months 






(n=l9) 


-1.3 


_2 



N.S. 



0.04 



most conirfrlffffng segment 

P 



Ptoo 



Lovn 
% 



-27 



-19 



-30 



N.S. 



0.007 



The response lo nitroglycerin was unaffected by the 

treatment. 

AW, £2 l ** haa " flft «e following 

concl,, s ions may be drawn fro™ the data. First, both the lovastatin and 
placebo groups were similar at 7 to 1 0 days for both the average and most 

me Iuvastann group compared to the placebo for the average of all five 
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segments per vessel and in the most constricting segment in that vessel. 
Hie witlwi group differences for the lovastatin group was marginally 
significant for all segments and significant for the most constricting 
segment (p=0.04). 

While the foregoing specification Beaches the principles of 
the present invention, with examples provided for the purpose of 
illustration, it will be understood that the practice of the invention 
encompasses all of the casual variations, adaptations, modifications, 
deletions, or additions of procedures and protocols described herein, as 
come wirtrin the scope of the following claims and its equivalents 
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1. A mefliod of restoring endogenous: vascular 

5 fr^"^' aCtivftiaS *° m: Preventing coagulation 

erf platelets, decreasing the adherent properties of blood vessel walls, and 
mducmg,vasodilation to modulate vascular tone and blood flow, which 
composes the administration, to a human patient at risk of developing 
atherosclerosis or a patient with atherosclerosis of a uiwapeurically 

1£J effe^vedosezofalMG^oAreductascrifiK 

2. The method of Claim 1 wherein the HMG-CoA 
reductase inhibitor is lovastatin, simvastatin, pravastatin or fluvastatin. 

is _ a j 3 - The method of Claim 2 wherein the dose of HMG- 
eoA reductase inhibitor is about 5 to 80 rag/day. 

4. The method uf Claim 3 wherein the HMG-CoA 
reductase inhibitor is lovastatin or simvastatin. 



20 



25 



. ^ . 1 5 ;. The method of Claim 4 wherein the HMG-CoA 
reductase inhibitor is lovastatin. 

U 80 m K per iLy. * 6 ****** dose of lovasQtto 

30 8 " The method of Claim 4 wherein the HMG-CoA 

reductase inhibitor is simvastatin. 

9. The method of Claims wherein the dose of 
simvastatin is 5 to 40 mg per day. 
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10. The method of Claim 9 whcrcin the dose of 
simvastatin is 40 mg per day. 

1 1. The method of Claim 1 wherein the patient is at risk 
of developing atherosclerosis. 

12. The method of Claim I wherein the patient has 
atherosclerosis. 

13- The method of Claim 1 to prevent coagulation of 

platelets. 

14. The method of Claim 1 to decrease the adherent 
properties of blood vessel walls. 

15. The method of Claim 1 to induce vasodilation to 
modulate vascular ton© and blood flow. 

16, The method of Claim 1 which additionally comprises 
placing the patient on a lipid-lowering diet- 

17, A method of preventing diseases associated with 
endothelial dysfunction selected fmm: 



(a) 


angina pectoris, 


(b) 


myocardial infarctions, 


(c) 


coronary artery disease. 


(d) 


hypertension, 


(e) 


cerebrovascular accidents, 


(f) 


transient ischemic aliauks. 


(g) 


chronic obstructive pulmonary disease, 


<M 


chronic hypoxic Jung disease, 


(i) 


pulmonary hypertension, 


(j) 


renal hypertension, 


(k) 


chronic renal disease,, 
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(1) microvascular complications ofcdiabetes, and 
(m) vasoocclusive complications of sickle cell anemia 
which comprises the administration to a human patient of a 
g therapeutically effective dose of an HMO-CoA reductase inhibitor. 

18. The method of Claim 17 wherein the dose of the 
HMG-CoA reductase inhibitor is from 5 to 80 mg per day. 

10 19 * TJie method of Claim 1 8 wherein the HMG-Co A 

reductase inhibitor is selected from lovastatin and simvastatin. 

20 The method of Claim 19 which additionally comprises 
placing the patient ou a lipid-lowering diet. 

13 

21 . A method of treating diseases associated with 
endothelial dysfunction selected from: 

(a) angina pectoris, 

(b) myocardial infarctions 
20 ( c ) coronary artery disease, 

(d) hypertension. 

(c) cerebrovascular accidents, 

(f) transient ischemic attacks, 

(g) chronic obstructive pulmonary disease, 
25 chronic hypoxic lung disease, 

(i) pulmonary hypertension, 
(j) renal hypertension, 
GO chrome renal disease, 
0) microvascular complications of diabetes, and 
30 w i vasoocc,1,slve complications of sickle cell anemia 

which comprises the admimstration to a human patient of a 
therapeutically effective dose of an HMG-CoA reductase inhibitor. 

Tnwrr" ^ « ^ ^ memod of Claina 21 herein the dose of the 
IiMG-CoA reductase inhibitor is from 5 to 80 mg pcr day. 



i 
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23. The method of Claim 22 wherein the HMO-CoA 
reductase inhibitor is selected from lovasiatin and simvastatin. 

5 

24. The method of Claim 23 which additionally comprises 
placing the patient on a lipid-lowering diet. 
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EP.A, 0,457,514 (SERGEY ET AL) 21 NOVEMBER 1991. 
ENTIRE DOCUMENT. 

Coronaxy A*te*y Disease, Vol. 2(3), issued July 1991, Siegfried et 
al, Aflfleliosariofi of eofonaxy vascular cndotheHaL . .inhibitor 
lovastatHT, see pages 621-627. 

Cirtulaiion Research, Vol. 58 (6h issued June 1986, Freaman et 
al 7 D Athesoscl®rosis Impairs Endothelium.... in Primates 0 , see 
pages 783-789. 

American Journal of Hematology, Vol. 44, issued 1993, Wada et 
al, °Hevated Plasma Levels of Vascular... Hypercholesterolemia 0 
seepages 112-116. 

Scand, J, Clin. Lab. Invest.. VoL 50, issued 1990, Luscher, 
"Functional Abnormalities of the Vaswilar 
I Endothelium. ..Atherosclerosis", eea pages 28-32. 

The Lancet, VoL 341, issued 12 June 1993, Leung et al , ° 
I Be ! 1e ^ c ^ al effecl of cholesKerol-Iowering dierapy.„.in 
hypercholesterolaemie patients % see pages 1496-1500, 
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